A new, simple, rapid and efficient solvent terminated-auxiliary solvent-dispersive liquid-liquid microextraction (ST-AS-DLLME) technique for determination of cyanide ions by microvolume UV-Vis spectrophotometry was developed. Effective parameters on the extraction and absorbance of cyanide were optimized using two optimization methods: fractional factorial design (FFD) and central composite design (CCD). Zinc(II) tetraphenylporphyrine (ZnTPP) was used as a selective cyanide receptor agent. Methyl isobutyl ketone (MIBK), ethanol and 1-butanol were used as extraction solvent, dispersive solvent and demulsifier solvent, respectively. The method shows very good selectivity in presence of other species. The analytical curve was linear in the range of 4.0-130 μg L -1 with a limit of detection of 1.0 μg L -1
Introduction
Cyanide is an important environmental contaminant that occurs in surface and ground waters as a result of the discharge of industrial wastes. 1 The mechanism of cyanide toxicity demonstrated that it binds to iron in cytochrome oxidase and prevents it from entering the mitochondrial electron-transport chain. Consequently, cyanide is extremely toxic and even relatively small amounts of this species are lethal to humans. The World Health Organization (WHO) has set the maximum contaminant level of 70 μg L -1 of cyanide in drinking water. 2 Furthermore, one of the major cyanide source in daily human activity is the inhaled smoke by cigarette smokers. 3 Anoxia, headache, enlargement of the thyroid glands and convulsions with the paralysis of the respiratory center in the brain are some of the symptoms associated with cyanide poisoning. 4 Cyanide occurs in water as hydrocyanic acid (HCN), the cyanide ion (CN -), simple cyanides, metallocyanide complexes, and as simple chain and complex ring organic compounds. Free cyanide is defined as the sum of the cyanide present as HCN and CN -, and the relative concentrations of these two forms depend mainly on pH and temperature. Due to the pH of most natural waters, free cyanide in the form of HCN predominates. The apparent toxicity to aquatic systems of most simple cyanides and metallocyanide complexes is due mainly to the presence of HCN derived from dissociation, photodecomposition and hydrolysis. 5 Therefore, free cyanide is a much more reliable index of toxicity than total cyanide because total cyanide can include nitriles (organic cyanides) and relatively stable metallocyanide complexes.
A variety of methods and techniques have been developed for the determination of cyanide, including chromatography, 6 voltammetry, 7 amperometry, 8 fluorometry, 9 ion selective electrode, 10 mass spectrometry, 11 capillary electrophoresis, 12 atomic absorption spectrometry 1 and UV-Vis spectrophotometry. 4 Although some of these methods have good sensitivity and fast measurement capability, they require sophisticated, expensive instruments and sometimes the problem of an unsuitable matrix occurs. Furthermore, the low cost techniques (such as UV-Vis spectrophotometry) cannot be successfully used without prior chemical separations due to spectral interferences. These problems can be solved by applying a cleanup and/or preconcentration step prior to determination. In the past few years, many research efforts have been oriented towards the development of efficient, miniaturized and environmentally friendly sample preconcentration methods, such as solid-phase microextraction (SPME) [13] [14] [15] and liquid-phase microextraction (LPME). [16] [17] [18] [19] [20] [21] The main disadvantage of LPME techniques is that most of them have a centrifugation step, which is the extra time-consuming step in the extraction. Recently, Li and co-workers 22 developed solvent terminateddispersive liquid-liquid microextraction (ST-DLLME) which avoided centrifugation step, thereby simplifying operation and sped up the extraction procedure. At the same time, Kocúrová et al. 23 devised an auxiliary solvent-dispersive liquid-liquid microextraction (AS-DLLME) to adjust the density of the extraction solvent-auxiliary solvent mixture so that it reaches a higher density than water and it can be easily separated from the aqueous sample by centrifugation. In the present work, we combine the advantage of both solvent terminated and auxiliary solvent methods for invention of new method with solvent lighter than water for easy extraction and phase separation. However, most of the studies for extraction and determination of cyanide have been done with the traditional one factor at a time (OFAT) method, which is not a confident method for finding real optima. OFAT only gives a local knowledge of the phenomenon and often requires a much larger experimental effort. 24 Thus, there is now increasing attention replacing the traditional OFAT by chemometrics methods. 25 In the present study, a novel solvent terminateddispersive liquid-liquid microextraction based on auxiliary solvent (ST-AS-DLLME) technique was developed for determination of trace amounts of cyanide in environmental waters and plasma samples for the first time. The experimental variables in the extraction of cyanide were optimized using fractional factorial design (FFD) and central composite design (CCD). The determination of cyanide was done using microvolume UV-Vis spectrophotometric method at 618 nm.
Experimental

Instrumentation
The spectra were recorded using a double beam UV-Vis spectrophotometer (model SPECORD 250) equipped with a quartz microcell with black sidewalls (1 cm path length, 400 μL). Data collection was done by a single beam Jenway spectrophotometer (model 6320D) with the mentioned microcell. All pH measurements were achieved using a Metrohm E-691 digital pH meter with a combined glass electrode. Stirring of the sample solutions was carried out by a magnetic stirrer (Rodwell, Monostir). 
Synthesis of ZnTPP
The porphyrin was synthesized according to previously reported methods by condensation of aromatic aldehyde and pyrrole. [26] [27] [28] [29] [30] [31] For synthesis of H 2 TPP, 10 mmol benzaldehyde, 35 mL propionic acid and 15 mL nitrobenzene were added to a round-bottomed flask and 10 mmol pyrrole were added to this solution, then the mixture was refluxed for 2 h. The solution was allowed to crystallize overnight. The spectral data of H 2 TPP are as follows: UV-Vis (CH 2 Figure 1 shows a scheme of the structure of ZnTPP and its interaction with cyanide ions.
Preparation of the environmental water samples
The sea water from Caspian Sea (Rudsar, Iran), river water from Sepid Rood (Astaneh Ashrafieh, Iran), mineral water (Zam Zam, Iran) and drinking water (Lahijan, Iran) were collected in polyethylene bottles. The sea and river water samples were immediately filtered using cellulose filter paper (Whatman, grade 42, 2.5 μm) to remove any suspended and colloidal particulate matter. All water samples were stored in the refrigerator when not in use. In order to determine the free cyanide, 20 mL samples were treated under the optimized method.
Preparation of the plasma samples
Careful sample preparation and storage of biological samples containing cyanide or its metabolites are key elements to produce accurate results. Because of various metabolic reactions of cyanide from biological samples, the analysis of the sample should be made as soon as possible. 32 For separation of plasma from whole blood, freshly drawn heparinized blood was used for cyanide determination. The blood was transferred to a centrifuge tube, and after centrifugation for 10 min, the plasma was removed from the top of the tube. 33 For cyanide determination in plasma by the proposed method, 4.0 mL of the samples were immediately placed into a 25.0 mL volumetric flask, and after addition of 16.0 mL distilled water, the samples were treated under the optimized method. phosphate buffer pH 12.0 and 100 μL of ligand and extraction solvent mixture (0.001 mol L -1 ZnTPP in MIBK) were added. Then, 0.50 mL of disperser solvent (ethanol) were rapidly injected into the sample solution using a 1.00 mL syringe. The flask was put on the stirrer for 10 min at speed of 1000 rpm. A cloudy emulsion (water, extraction solvent and disperser solvent) was formed in the flask. After this, 2.5 mL of demulsifier solvent (1-butanol) were injected on the surface of the stirred mixture. Then, the emulsion was broken and two clear phases appeared immediately. The floating green extractant (ca. 270 μL) was collected with a 1.00 mL syringe and diluted to 400 μL with ethanol. Next, the final solution was injected into the quartz microcell and the absorbance of the solution was measured against a blank by UV-Vis spectrophotometer at 618 nm. The blank solution was run under the same condition as well.
Results and Discussion
In order to evaluate high recovery and absorbance for cyanide, the composition of solvents (extraction, disperser and demulsifier) for extraction of cyanide was investigated as a substantial parameter in the first step. For searching the optimal experimental conditions of other main factors affecting the recovery of cyanide, such as volume of extraction solvent, volume of dispersive solvent, volume of demulsifier solvent, pH, concentration of ligand, stirring rate, stirring time and salt addition, a design with two steps (screening and optimization) was used. For this purpose, the Minitab 16.2.2 (Minitab Inc., LEAD Technologies, Inc.) statistical package was used to generate the experimental matrix and to evaluate the results.
There are some studies that used ZnTPP for determination of cyanide, such as ion selective electrodes and colorimetric sensors. 10, 34, 35 In the present work, a novel dispersive liquid-liquid microextraction technique was developed for determination of trace amounts of cyanide for the first time. Figure 2 shows the absorption spectra for the cyanide-ZnTPP complex and ZnTPP against a reagent blank as reference. The results indicate that maximum absorbance of cyanide-ZnTPP complex is at 618 nm, thus this wavelength was chosen for colorimetric determination of cyanide ions. 
Selection of composite of solvents
The type of extraction solvent is critical for developing an efficient DLLME procedure since the physicochemical properties of extraction solvent control the emulsion conditions and consequently, the extraction efficiency. 36, 37 Five low-density solvents (toluene, cyclohexane, n-hexane, octanol and MIBK) differing in polarity and water solubility were tested for this purpose. In the same experimental condition, the absorbance results for toluene and MIBK were better than other extraction solvents and these solvents were selected for subsequent optimization experiments. The organic solvent disperses into the aqueous bulk as tiny droplets, which enhance the contact between both entities, achieving rapid extraction. The miscibility of disperser in both organic solvent and water is the main point of effective emulsion formation. 22 Therefore, acetone, acetonitrile, methanol and ethanol were investigated as disperser solvents.
In ST-AS-DLLME, instead of a ternary component solvent system, a quaternary system consisting of an aqueous sample, an extraction solvent, an auxiliary solvent and a disperser solvent is employed. The auxiliary solvent was used to adjust the density of organic phase for easy phase separation. The benefits of this approach are: (i) it does not require the use of special homemade devices; (ii) it enables separation of phases without centrifugation; and (iii) it can be applied to the extraction of analyte with the subsequent UV-Vis detection. For this reason, 1-butanol, ethyl acetate, octanol, acetonitrile, acetone, ethanol and methanol were studied as auxiliary solvents for the demulsification stage. Among these solvents, the absorbance with 1-butanol and ethyl acetate were higher than the others, and these solvents were selected for subsequent optimization experiments. Table 1 shows the experimental results obtained for indicating the best solvent composition for extraction of cyanide. As can be seen, the maximum absorbance for cyanide was obtained with the employment of MIBK, ethanol and 1-butanol, as extraction solvent, disperser solvent and demulsifier solvent, respectively.
Experimental design
In this study, the optimization involved the maximization of the absorbance, which assumed to be a function of several independent variables. Many methods have achieved this purpose. Among these methods, the most commonly utilized by chemists is the technique of experimental design.
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Fractional factorial design (FFD)
In the first step, the main factors affecting the extraction and absorbance of cyanide were determined. The main factors, their symbols and levels are shown in Table 2 .
As can be seen in Table 2 , each variable was set at two possible levels, high and low, thus there are 256 (2 8 ) fractional factorial designs were used in our experiments and these runs were done in a random manner to minimize the effect of uncontrolled variables. For investigation of error estimate and curvature in the response, three center points were added to the design matrix. The design matrix and the responses are shown in Table S1 (in the Supplementary Information (SI) section). The analysis of variance (ANOVA) calculated with Minitab software package is shown in Table S2 . In this table, values of p < 0.05 indicate that the model terms are significant. Therefore, the main effects of A, C, D, E, F, G and H are large and the two factor interactions AE, AF, AG, and AH also appear to be important. Normal plot of these effects also shows that they are the only ones to influence the absorbance of cyanide-ZnTPP complex (Figure 3 ).
The negative effect of salt (H) on the absorbance of cyanide was distinguished in the normal plot, thus the subsequent experiments were done without salt addition. ZnTPP (E) concentration, extraction time (F) and speed of stirring (G) have positive effects (0.01188, 0.01362 and 0.01987, respectively) so, high levels of these factors (10 -3 mol L -1 , 10 min and 1000 rpm, respectively) were selected in the further experiments. With these results and screening, the three important factors in extraction and determination of cyanide were volume of extraction solvent (A), volume of demulsifier solvent (C) and pH (D). Thus, for a more accurate investigation, central composite design was used for optimization of these factors in the next step.
Central composite design (CCD)
It is clear from Table S2 that the curvature of the fractional factorial design model is significant. Therefore, a design is needed with more levels. Two-level designs can only lead to linear models of responses and so cannot give information about maxima or any non-linear relationships. Central composite designs require 2 k factorial points (also called cube points) + 2k axial points (also called star points) + nc center points run of experiments. 24, 39, 40 The factors, their levels, symbols and design matrix for central composite designs are shown in Tables S3 and S4 In the absorbance equation, the volume of demulsifier solvent is the most important factor. The analysis of variance (ANOVA) calculated with Minitab software package is shown in Table S5 . In this table, the p value of regression of the model was significant and the lack-of-fit of the model was not significant. From these results, the efficiency of the model was inferred.
Response surface and selection of optimum condition
The obtained regression model was used to calculate the three dimensional (3D) two-factor response surface, when one of the variables is fixed at the central point and the others are allowed to vary (Figure 4 ). This Figure shows the existence of maximum in the absorbance and interaction between the factors. Figures 4a  and 4b show that the maximum absorbance was obtained at 100 μL volume of extraction solvent. In higher and lower volumes of extraction solvent, the absorbance decreases. Therefore, in the subsequent studies, 100 μL were selected as an optimum volume of the extraction solvent. Figures 4a and 4c show the great importance of demulsifier solvent volume in the absorbance of cyanide complex. The absorbance increases by increasing the volume of demulsifier solvent up to 2.50 mL and then decreases. The increase in cyanide absorbance by increasing the volume of demulsifier is due to a more efficient phase separation, and the decrease in absorbance in high volume of demulsifier is probably due to an increase in ZnTPP-CN complex solubility in the aqueous phase. As can be seen in Figures 4b  and 4c , pH is an important factor in extraction of cyanide and the maximum absorbance is obtained in alkaline media, being probably due to protonation of HCN (pKa 9.1) at acidic pH that decreases the amount of CN -ion in the sample solution. At higher pH values, the absorbance signal gradually increases, due to formation of free cyanide at these pH. On the other hand, no interference from OH -was observed even at pH 12.0. In 2012, Chen et al. 10 reported that the zinc(II) tetraphenylporphyrin-based CN --selective electrodes exhibited the best discrimination of CN -over OH -that is probably due to high binding affinity CN -to ZnTPP over OH -. Therefore, pH 12.0 was chosen for subsequent experiments and the pH adjustment was carried out by addition of 1.00 mL of 0.05 mol L -1 phosphate buffer at pH 12.0 to the sample solution. Therefore, according to the screening, optimization study and global solution of Minitab software response optimizer, 100 μL of extraction solvent, 0.50 mL of dispersive solvent, 2.50 mL of demulsifier solvent, pH 12.0, 10 -3 mol L -1 solution of ZnTPP in MIBK, 10 min extraction time, stirring rate of 1000 rpm and 0.00% of salt were selected as the optimum values for determination and extraction of cyanide.
Effect of diverse ions
The effects of common potentially interfering ions on the extraction of cyanide were also studied. In these experiments, 20.00 mL of solutions containing cyanide (100 μg L -1 ) and various amounts of diverse ions were treated according to the recommended procedure under optimum condition. A given species was considered to interfere if it resulted in a ±5% variation of the absorbance signal. As shown in Table 3 , most of the cations, anions and organic species have minimal or no obvious influence on the determination of cyanide under the selected conditions and the proposed method is (c) Vol. 26, No. 6, 2015 highly selective in the presence of different species, such as SCN -, NO 3 -and S 2-that strongly interfere in determination of CN -in many reported methods. 1, 2 This may be due to formation of a highly stable complex between zinc in the ZnTPP and cyanide ions in the experimental conditions. 41 Chen et al. 10 confirmed that the selectivity of ZnTPP toward cyanide is much greater than other ions (log K 1:1 (mol kg 
Applications
The recommended method was successfully applied for the determination of cyanide in different samples such as water and plasma. Since there is not a certified reference material with certified concentrations of CN -ions, which could be considered as a representative sample, a spike recovery study seems to be suitable to estimate the accuracy of the proposed method. The results with the recovery for the spiked samples are given in Table 4 . As can be seen, the added CN -was quantitatively recovered from all samples. These results indicate the validity of the recommended methodology for analysis of cyanide in real samples. According to the results for plasma sample analysis, the cyanide values in plasma were below the limit of detection and not significantly different in the two smoker and nonsmoker groups. These may be due to existence of cyanide in blood in erythrocytes (red blood cells) by binding to methemoglobin and formation of cyanomethemoglobin that was reported in previous studies. 32, 33 As can be seen, the added CN -was quantitatively recovered from both plasma samples. These results indicate the validity of the proposed methodology for analysis of cyanide in real samples.
Comparison with the other methods
The developed method was compared with the other reported cyanide determination methods in Table 5 . As can be seen, the proposed procedure shows a very good limit of detection, wide linear dynamic range and good precision, which are better in most cases or are comparable with other reported methods. Likewise, easy sample preparation, good preconcentration factor, low detection time, simplicity, high selectivity and low cost of spectrophotometric detection system makes this method suitable for measuring the concentration of cyanide in various environmental and biological samples.
Conclusions
It can be concluded from the results that the new ST-AS-DLLME was successfully used for preconcentration and determination of trace amounts of cyanide in different samples, even from complex matrices, like biological ones, with acceptable accuracy and recovery. The determination is also successful in solutions containing sulfide and thiocyanate in which other methods fail. On the other hand, the determination of cyanide in alkaline solution causes many cations, such as Fe , which form cyanide complexes, to not interfere in this pH range. In this method, the optimization of extraction was done based on chemometric methods such as design of experiments (DOE) that evaluate the interactions of possible influencing factors on treatment efficiency with a limited number of experiments. As a result, applying an experimental design method to a microextraction technique can save time, lower consumption of hazardous reagents and also decreases the analytical cost. 
